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     后，根据理论分析，计算了要产生一阶包层模需要的超声波长以及对
应的超声换能器频率，并进行了光纤光栅超声横向振动实验。测量了不同























Ultrasonic waves that impinge on a fiber Bragg grating (FBG) induce periodic 
microbends of the fiber, which modulate the refractive index and lead to the 
remarkable changes of optical spectral characteristics of the FBG. Based on such 
effects of acoustic waves on FBG, several researchers have developed the 
ultrasonic-optical FBG sensors, acoustic-optics tunable reflectors, optical 
switching and optical filters. 
Firstly, the ultrasonic waves and ultrasonic transducers are introduced. The 
characteristics and the advantages of ultrasonic waves are presented. Moreover, 
the principles and structures of ultrasonic transducers are briefly described. 
    Secondly, based on the fundamental theory of FBG, we show that there are 
three kinds of coupling mechanisms in the FBG subjected to transverse acoustic 
waves. The theoretical model for the FBG subjected to transverse acoustic wave is 
proposed by modifying the multi-mode coupled equations. In terms of 
phase-matching conditions, the characteristics of reflective spectrum for such a 
FBG are qualitatively analyzed. In addition, we also describe the optical spectral 
characteristics of the FBG subjected to longitudinal acoustic waves based on the 
theory of acousto-optic superlattice modulation.  
    Thirdly, in order to simulate the optical spectral characteristics of the FBG 
subjected to acoustic wave, a novel algorithm is proposed based on the 
Newton-Raphson method. This algorithm is fast and convergent. Using our 
algorithm, the numerical simulations for the multi-mode coupled equations are 
performed and the corresponding results are analyzed. Furthermore, the 
optimization processes for acoustic intensity and the mode numbers of 
multi-mode coupled equations are performed by numerical methods, respectively. 
The results show that, in many cases, the two-mode coupled equations will be 
sufficient to obtain the accurate spectral characteristics of FBG subjected to 
acoustic waves. 













wavelength of acoustic wave and the corresponding frequency of ultrasonic 
transducer for coupling efficiently LP01 with LP11 mode. We have also 
experimentally investigated the characteristics of FBGs subjected to transverse 
acoustic waves. The reflective spectra of FBGs under different ultrasonic powers 
have been measured. The experimental results are in good agreement with those 
by the theoretical analysis.   
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   如图 1.1(a)所示，对均匀周期的 FBG，光栅周期小于 1µm，纤芯折射率
变化为： 
      
2( ) 1 cosnn z v z
πδ ⎡ ⎤⎛ ⎞∆ = + ⎜ ⎟⎢ ⎥Λ⎝ ⎠⎣ ⎦
                              （1－1） 
式中： nδ ——纤芯折射率的平均增加值 
      v——折射率调制系数（0 1v≤ ≤ ） 
      Λ——均匀光栅的周期 





   一般的啁啾光栅折射率调制幅度不变，其周期沿光栅轴向逐渐变化，如
图 1.1（b）所示。 常用的啁啾光纤光栅是线性啁啾光纤光栅，其折射率变
化为： 
   
0
2( ) 1 cosn zn z v z
πδ φ
⎡ ⎤⎛ ⎞
∆ = + +⎢ ⎥⎜ ⎟Λ⎝ ⎠⎣ ⎦
                  （1－2） 




（3）相移光纤布拉格光栅（Phase shifted FBG） 
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（4）取样/超结构光纤光栅（Sampled/Superstructure FBG） 
   取样光纤光栅是对布拉格光纤光栅的折射率调制外加一个周期性采样
函数调制而成的光栅，折射率调制如图 1.1（d）所示，其折射率变化为： 
   
0
2( ) ( ) ( ) 1 cos( ) ( )n
z z z zn z comb rect v rect
p a L
πδ
⎧ ⎫⎡ ⎤⎡ ⎤ ⎪ ⎪∆ = ∗ ⋅ + ⋅⎨ ⎬⎢ ⎥⎢ ⎥ Λ⎪ ⎪⎣ ⎦ ⎣ ⎦⎩ ⎭
     （1－3） 
式中：a——每一段布拉格光栅曝光长度 
      P——取样周期 
      L——取样光栅总长度 
利用取样光栅可形成一系列窄带反射峰，因此可用来作梳状滤波器，这
是它 突出的应用。 
（5）长周期光纤光栅 (Long-period fiber gratings) 
 长周期光纤光栅的周期远远大于一般的光纤光栅，可达到几十到几百微米
之间。对于折射率均匀调制的长周期光纤光栅来说，其纤芯折射率变化为： 
     
2( ) 1 cos( )n
zn z v πδ ⎡ ⎤∆ = +⎢ ⎥Λ⎣ ⎦




（Erbium-doped Optical Fiber Amplifier, EDFA）的增益平坦滤波器。 
1．1．4 光纤布拉格光栅(FBG)的基本原理 
光纤的材料为石英，由纤芯和包层组成，通过对纤芯掺杂（通常是掺锗），
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2B effnλ = Λ                           （1－5） 
 λB 是光纤光栅的布拉格波长，neff 是光纤纤芯的有效折射率，Λ 是光纤光
栅的周期。 
1．1．4 光纤光栅的制作 





光纤侧面写入 Bragg 光栅，这种外部写入法克服了“Hill 光栅”的缺点，提
高了写入效率，从此加速了对光栅的研究，目前已发展了许多制作光栅的方
法。 
   目前光纤光栅的制作方法一般可以分为双光束干涉法[3]（又称全息曝光
法）、相位掩模法[9] 、逐点写入法[10]等 
（1）全息曝光法 
     1989 年，美国的 G.Meltz 等人[3]首次用紫外光横向全息技术制成 FBG，
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环境的要求大大降低，对制作大批量 FBG 有重要意义。 
(2) 相位掩模法 
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